Ecological theory provides two contrasting predictions about the characteristics of the species combining to form communities. Classical competition theory states that they will be less similar than expected by chance, whilst the environmental structuring hypothesis states that they will be more similar. We investigated these predictions by applying phylogenetic methods of analysis (PICs) to a grassland community, examining species on the basis of their traits. At the scale of investigation most useful in making predictions about the presence and abundance of species (the community level), the species forming the community were more similar than would be expected by chance. The use of PICs resulted in a more sensitive test than if phylogeny had been ignored, allowing the detection of e¡ects that would otherwise have been overlooked or underestimated. Selected traits from the PICs analysis were used to develop a predictive model of community membership using discriminant analysis. This correctly identi¢ed species in the pool which were present in the community but failed to predict absences accurately, implying that dispersal limitation may operate in the community.
INTRODUCTION
Ecologists have long been convinced that communities of organisms are not just random collections of species (e.g. Raunkiaer 1934; Williams 1947 ) and for over two decades they have attempted to model the way in which the actual community arises from the welter of possible species combinations (Diamond 1975) . There are two contrasting ecological traditions regarding the types of non-randomness which may be observed in community assembly from a set of potential colonists. The ¢rst asserts that competition is of fundamental importance in shaping community composition and, in its classical form, states that competition is greatest between those species which are most similar (e.g. Darwin 1902, pp. 93^96) . This was investigated and found to be the case by Johansson & Keddy (1991) . The corresponding prediction is that the most stable (and, therefore, the most likely to be observed) community arises when coexisting species are dissimilar and traits are overdispersed with respect to an appropriate null hypothesis. In several cases where this hypothesis has been examined, statistically signi¢cant e¡ects tending to support the theory have been observed (e.g. Armbruster et al. 1994; Wilson & Watkins 1994; Wilson & Gitay 1995) although such e¡ects have at times proved elusive (e.g. Wilson et al. 1996) .
However, there is an equally long-standing tradition in ecology and phytogeography (e.g. Schimper 1903; Raunkiaer 1934) which regards the species forming communities as being more similar to one another than would be expected by chance. Under a given set of environmental conditions, only those species possessing a limited set (or sets) of attributes will be able to establish themselves in the community (e.g. Montalvo et al. 1991) and traits should appear underdispersed with respect to a null model. Underdispersion might be particularly observed in traits involved in overcoming environmental adversity (Weiher & Keddy 1995) . These two schools of thought lead to quite opposite predictions about the sorts of species which comprise communities, but attempts to investigate community structure by means of species' characteristics almost invariably make reference to only one or other approach (although see Cody (1991) for a noteworthy exception). Previous studies of this problem have also treated species as independent data points and, thus, were prone to pseudoreplication (Harvey & Pagel 1991) . It is particularly important not to treat each species as an independent data point when analysing the relationship between traits and community assembly. Analyses of species:genus ratios typically show that communities contain more species per genus than expected (Williams 1947) , implying that the ecological similarities found among related species play a role in community assembly.
In this paper we use phylogenetically independent contrasts (PICs), a method designed to avoid pseudoreplication, to compare the species in a community with those in the local species pool and to determine how ten ecological traits correlate with community membership. We then test how well the traits identi¢ed as signi¢cant in the PIC analysis are able to predict the presence and observed abundance (Po¡ 1997) of species found in the community.
METHODS
(a) The ¢eld site and study community Our study community was a 4-ha area of grassland typical of lowland England at Little Wittenham, Oxfordshire (grid reference SU 568 924) which has been the subject of detailed ecological studies for more than a decade (e.g. Silvertown & Smith 1989; Treweek 1990; Silvertown et al. 1992; Bullock et al. 1994; Watt et al. 1996; Treweek et al. 1997) . The site was grazed by sheep and had basic (ca. pH 7.5), relatively deep, well-drained and fertile soils. A list of 36 naturally occurring species at the site was drawn up from systematic surveys over a three-year period. The abundance of each species in the local species pool was quanti¢ed as the frequency of 2 m £ 2 m quadrats occupied out of a sample of 80. The study reported here examines broadleaved species only, because they comprise a diverse set of species which is particularly amenable to study.
(b) The local species pool
We de¢ned the local species pool from the intersection of two sets of species: the set listed in the National Vegetation Classi¢cation (NVC) (Rodwell 1992) as occurring in grassland communities on non-acid, non-waterlogged soils (NVC types MG1, MG5, MG6, MG7, CG3, CG4, CG5 and CG6) and the set of species which had been recorded (Perring & Walters 1962) as present within a 50 km £ 50 km square centred on the ¢eld site. All aspects of the environment (e.g. soil depth) at the study site mentioned in the NVC community descriptions were taken into account except for details of management regime, since the e¡ects of management are investigated as part of this study. The circumscription of the species pool is discussed more fully in Tofts (1998). Two species of lowland mesotrophic and calcareous grasslands which were absent from the NVC lists because of their rarity were identi¢ed by reference to the habitat descriptions in Clapham et al. (1987) and added to the species pool. The species pool is listed in Appendix A. The plant names follow Kent (1992 Kent ( , 1996 .
(c) Traits
Values for ten ecological traits likely to a¡ect community assembly were obtained for the species pool from published sources (table 1). Seven traits were measured by one variable each and three traits were measured by two variables each, making 13 variables in all. Since the data were taken from a number of di¡erent sources there were some missing values. Depending upon the variable, the data were either binary or continuous (ordinal data were treated as continuous). We hypothesized deviations in trait values between the species pool and the local community as follows (variable names are given in parentheses).
Due to the agricultural history of the site, perennial species (ANN and LONGV) with high competitive ability (COMP), high nutrient values (NUTR) and vegetative reproduction (VEG) should be overrepresented. Assuming that recruitment from seed is important, species with a longer £owering period (TOTFLO) or which £ower for a greater length of time outside the summer grazing period (FLO) should be favoured and greater seed weight (SDWT) should be advantageous. Grazing should favour shorter species (MINHT and MAXHT) and better dispersers (DISP) should be overrepresented. We had no prior expectation of how the existence of a seed bank (SDBNK) would a¡ect community membership. Higher local abundance (ABUND) was expected to increase the likelihood of community membership.
(d) Phylogeny
A phylogeny is required in order to apply PICs. No complete phylogenetic tree which resolves the relationships between the taxa in our species pool right down to the species level exists. We therefore constructed a super-tree (Sanderson et al. 1998 ) by combining phylogenetic information from multiple sources, as listed in Appendix B (a copy of the super-tree is available from the authors on request).
(e) Data analysis
Binary variables were analysed by the PIC method of Read & Nee (1995) using the sign test. PICs for continuous variables were obtained using the method of Felsenstein (1985) , as implemented by the CAIC computer package (Purvis & Rambaut 1995) with the branch lengths set equal. Ordinal data were treated as continuous because no PIC method applicable to ordinal data exists. Due to this departure from standard statistical assumptions of the method and because the local species pool comprised an entire statistical population rather than a random sample, we used a randomization test to evaluate the statistical signi¢cance of the results (Manly 1991 Clapham et al. (1987) abundance ABUND number of 10 km squares occupied within a 110 km £ 110 km square centred on the ¢eld site Perring & Walters (1962) seed bank SDBNK present or absent Hodgson et al. (1995) the following form. Two mutually exclusive groups of species (i.e. sampling without replacement) were drawn at random from the full data set, with the number of species in each group being equal to the number of contrasts for the trait under investigation. A t-test was performed on the two randomly selected groups and the value of the t-statistic recorded. This process was repeated 10 000 times and the statistical signi¢cance of the actual t-value assessed against the randomizations.
The under-and overdispersions of traits were investigated using randomization tests. The variance for a particular trait was calculated for the s species within the study community (var within ) for which there were trait data and then the variance for an equal number of species randomly chosen from the species pool but not occurring in the study community (var outside ) was calculated. The var within :var outside ratio indicates whether traits are over-or underdispersed in comparison with the expected value of 1. Statistical signi¢cance was determined by randomly selecting two mutually exclusive groups of s species from the entire species pool, calculating the variance ratio and repeating the process 10 000 times. The observed variance ratio was then compared against the null distribution to assess the statistical signi¢cance.
Discriminant analysis with cross-validation was performed using the linear discriminant function (Fisher 1936; Krzanowski 1988) to predict the presence and abundance of species in the local community (measured by frequency in 80 quadrats) from the values of the traits that PIC analysis showed to be statistically signi¢cant. Prior probabilities, although known, were not used because the omission makes a more stringent and realistic test. Spearman's rank correlation was used to compare the probability of species occurrence generated by the discriminant function and observed abundance in the community.
RESULTS
Signi¢cant di¡erences in the mean trait values were found for the variables COMP, NUTR, TOTFLO, FLO and ABUND, all of which were in the expected direction (table 1). Signi¢cant underdispersion was identi¢ed for ABUND and, marginally, for NUTR (table 2) . Twotailed tests were used to test the signi¢cance of trait dispersion because of the con£icting predictions of ecological theory.
Of the ¢ve statistically signi¢cant traits identi¢ed, ABUND gave the best model as a predictor of local community membership in discriminant analysis. Addition of TOTFLO to the model containing ABUND improved the predictions of the discriminant analysis, though this improvement was not statistically signi¢cant ( p40.05). The classi¢cation scores were calculated as S 0ˆ7 5.60202+ 0.07585(ABUND) + 1.04542(TOTFLO) and S 1ˆ7 9.66530+ 0.11067(ABUND) + 1.20743 (TOTFLO), where S 0 denotes the score for membership of the group predicted to be absent from the local community and S 1 denotes the score for membership of the group of species predicted to be present. A species was placed in the group for which it had the highest score, producing the following results: 33 out of 34 (97%) species actually present in the study community were correctly predicted to be present and 70 out of 115 (61%) species actually absent from the community were correctly classi¢ed as absent. Overall, the proportion of correctly classi¢ed species was 69%. The errors in assignment to groups were highly unbalanced with actual members of the study community being predicted well, but with 45 out of 115 actual absentees being predicted to be present.
There was a highly signi¢cant statistical relationship between the predicted likelihood of occurrence in the local community and the abundance of the species in it (r sˆ0 .495, nˆ149 and p½0.0001). In particular, species with a low estimated probability of occurrence were indeed either rare or absent from the community (¢gure 1 and Appendix A); all except the rarest species in the community had a discriminant probability of 0.65 or more.
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DISCUSSION
Four traits were implicated a role in the assembly of the study community by signi¢cant di¡erences between the species that were present and relatives in the local pool that were absent. Flowering (TOTFLO and FLO), abundance in the surrounding landscape (ABUND), competitive ability (COMP) and nutrient requirement (NUTR) all di¡ered in the expected direction. Thus, there is support for the hypothesis that species with restricted £owering times are prevented from recruiting into the community by grazing and for the hypotheses that weak competitors (sensu Grime 1979) and species with low nutrient requirements are excluded from the community by interspeci¢c competition. The practical value of using PICs rather than comparisons between species without correction for phylogenetic relationships has been questioned (Ricklefs & Starck 1996) , so we repeated the tests ignoring phylogeny. Doing this (R. Tofts and J. Silvertown, unpublished data) we found insigni¢cant di¡er-ences (p40.1) in competitive ability (COMP) in strong contrast to the test described here, despite the greater degrees of freedom in pseudoreplicated tests. The e¡ect of FLO was also missed and TOTFLO was judged to be much less signi¢cant. In both cases, the e¡ect of ABUND was judged to be highly signi¢cant and only in the case of NUTR did the spuriously high degrees of freedom yield a slightly more signi¢cant result. Thus, the use of PICs in this case has resulted in a more sensitive test, allowing the detection of ecological patterns which otherwise would have been overlooked or underestimated.
Signi¢cant or marginally signi¢cant underdispersion was detected for two variables (NUTR and ABUND). Underdispersion is a by-product of the fact that trait values in one section of the scale (e.g. species with a high nutrient requirement) are favoured. With the exception of competitive ability (COMP), the other traits which showed signi¢-cant di¡erences in their mean values were also underdispersed although not signi¢cantly so. No convincing evidence of overdispersion was found for any trait investigated.
The discriminant function worked well in assigning species present in the community to their correct group, but it performed poorly in assigning absent species to the correct group. This imbalance in allocation is of interest because, although it may re£ect the use of an unrealistically simple model (linear discriminant function) or inadequate predictors, we know that the species richness of the local community has been increasing slowly over the ten years during which it has been monitored (Watt et al. 1996) . It may be the case that some of the species erroneously predicted to be present would now be able to inhabit the site but have not yet colonized it due to dispersal limitation. This possibility has been investigated experimentally and receives some support in a study which will be reported elsewhere.
Do the ¢ndings reported in this paper favour the competitive or the environmental structuring hypothesis? Several signi¢cant relationships between traits and presence in the study community were found and, in all statistically signi¢cant cases, trait underdispersion associated with the di¡erences in trait value was recorded. Our results therefore support the environmental structuring hypothesis. This does not mean that competition is unimportant as a structuring force in plant community assembly (Silvertown et al. 1999) , but its e¡ects are most likely to be seen at the scale over which plants interact with one another, which is a much smaller scale than that at which ecologists would normally wish to make predictions about vegetation. Figure 1. Probability of broad-leaved species being present in the community, as modelled using discriminant function, plotted against the actual abundance of these species in the community. 
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